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32
Despite its small size (R = 252 km), Saturn's moon Enceladus is one of of Enceladus' interior (porosity, strength, temperature profile, core size, pres-
91
ence of an internal ocean). In section 2, we describe our numerical modelling 92 approach; in section 3 we present our results. We discuss our results in the con- has an identical composition and porosity to those of the target.
141
The impact velocity v imp can be decomposed into two contributions:
where v esc is the escape velocity of the impacted planet and v ∞ is the velocity of 143 the impactor at a distance much greater than that over which the gravitational 144 attraction of the impacted planet is important. The escape velocity of ladus is v esc = 240 m/s. As we consider collisions with relatively large objects
146
(R imp = 25 − 100 km), we limit our analysis to moderate relative velocities,
147
varying between v esc and 10 × v esc , in order to limit the impact-induced defor- here, this corresponds to the first hour after the impact. 
where A is a function of the bulk sound velocity, the geometry and density 238 difference between the impactor and the target. 15 km (Fig. 3) . Hence, in the following, we consider models with a constant 273 pre-impact temperature field. significantly on the porosity, as it affects the ice mechanical properties (Fig. 4) .
287
When the ice porosity equals 20% and because the compacted ice is thermally is reduced accordingly. The second one is that porosity can enhance the rocky 312 core deformation because the core material is less dense and easier to compact.
313
To decipher between these two effects we ran a non-consistent model with a suggests that density/compaction has a greater influence than core radius on 320 the depth of the impact-induced core depression. We also ran a model with a 321 50% porosity 160 km rocky core radius (Fig. 6) Ultimately, for a 200 km radius rocky core with 50% porosity (Fig. 9, second   344 columns), the depth of the depression can reach 54.5 km. Here again, the con-345 ditions in term of porosity and strength are rather extreme, and the objectives 346 of this simulation are to illustrate the maximal depression depth that could be 347 generated by a large impact on Enceladus. deformation in the ice mantle above, decoupling it from the rocky core below.
368
On the other hand, the presence of the ocean seems to enhance the plastic strain For even more energetic impacts, the core is very strongly deformed, which does 404 not appear to be compatible with Enceladus' core morphology (see Fig. 2 ).
405
Our simulations of these events do not follow the full evolution of the impact 406 scenario so we cannot predict the final core structure; however, it is likely that 407 some of these events lead to full body disruption and that, in non-disruptive from the impacted body (Fig. 1, second column) . Several factors such as a hot, . In these models the porosity of the icy material is zero. For each morphology, the red circle represents the pre-impact spherical shape of the impacted core. The dashed black line represents Eq.2 with A = 2. Above this critical theoretical line, the impact induced topography is negative. Below this critical theoretical line, the impact induced topography is positive. The dotted black line represents Eq.2 with A = 1. Above this critical theoretical line, very highly deformed cores are formed and acoustic fluidization may contribute to their final shape. However the deformation is too large and probably not compatible with the Enceladus morphology. We limit our post impact monitoring to one hour which means that for large impact velocities (≥ 6 km/s) and large impactor radii (≥ 75 km) the rocky material excavated from Enceladus' core and orbiting around the moon is still moving with significant velocity at the end of the simulation. We consider 4 models: a non-consistent non-porous rocky core (first column), a porous rocky core with a porosity of 50 % (second column), a non-consistent non-porous rocky core overlaid by a 20 km thick water ocean (third column) and a porous rocky core with a porosity of 50 % overlaid by a 20 km thick water ocean (fourth column). In these models, the grid resolution is 1 km in all directions. and 200 km (bottom)). First and third columns: Y i = 500 kPa and Ys = 10 MPa, second column ("highly deformable") Y i = 10 kPa and Ys = 100 kPa. In the third column we consider a water ocean (with a thickness of 20 km) above the rocky core. For each morphology, the red circle represents the pre-impact spherical shape of the impacted core.
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